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Question: Is an injury prevention program consisting of 10 exercises designed to improve stability, muscle strength, 
co-ordination, and ﬂexibility of the trunk, hip and leg muscles (known as The11) cost effective in adult male amateur 
soccer players? Design: Cost-effectiveness analysis of a cluster-randomised controlled trial. Participants: 479 adult 
male amateur soccer players aged 18–40 years. Intervention: The intervention group was instructed to perform the 
exercises at each training session (2 to 3 sessions per week) during one soccer season. The exercises focus on core 
stability, eccentric training of thigh muscles, proprioceptive training, dynamic stabilisation, and plyometrics with straight 
leg alignment. The control group continued their usual warm-up. Outcome measures: All injuries and costs associated 
with these injuries were compared between groups after bootstrapping (5000 replications). Results: No signiﬁcant 
differences in the proportion of injured players and injury rate were found between the two groups. Mean overall costs 
in the intervention group were À161 (SD 447) per athlete and À256 (SD 555) per injured athlete. Mean overall costs in 
the control group were À361 (SD 1529) per athlete and À606 (SD 1944) per injured athlete. Statistically signiﬁcant cost 
differences in favour of the intervention group were found per player (mean difference À201, 95% CI 15 to 426) and per 
injured player (mean difference À350, 95% CI 51 to 733). Conclusions: The exercises failed to signiﬁcantly reduce the 
number of injuries in male amateur soccer players within one season, but did signiﬁcantly reduce injury-related costs. The 
cost savings might be the result of a preventive effect on knee injuries, which often have substantial costs due to lengthy 
rehabilitation and lost productivity. Trial registration: NTR2416. <,SJTU.3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Introduction
The beneﬁcial health effect of a physically active lifestyle, 
eg, engaging in sports, is offset by the accompanying 
high risk of sports injuries. Sports injuries impose a high 
economic burden on society, and with about 265 million 
active players worldwide in 2006 (FIFA 2007), soccer 
makes a signiﬁcant contribution to the sports injury 
problem. The ﬁnancial loss due to soccer injuries in the 
professional English football leagues during the 1999-2000 
season was roughly estimated at ~À118 million (Woods et al 
2002). In Switzerland, with 42 262 soccer injuries in 2003, 
the annual costs were estimated at ~À95 million augmented 
by the loss of more than 500 000 working days (Junge et al 
2011). In the Netherlands, with a population of 16 million, 
there are 3.7 million sports injuries each year, with the 
greatest proportion (620 000 injuries) occurring in outdoor 
soccer (Consumer Safety Institute 2011). The largest share 
(75–85%) of all soccer injuries affect the lower extremities 
(Consumer Safety Institute 2011).
To prevent soccer injuries, training programs have been 
designed to improve strength, balance, and muscle control 
of the lower extremities. One of these is a structured injury 
prevention program called The11, developed by the FIFA 
Medical and Research Centre (F-MARC) to reduce both 
injury risk and injury severity in soccer. The program 
consists of 10 exercises designed to improve stability, 
muscle strength, co-ordination and ﬂexibility of the trunk, 
hip, and leg muscles, and advice to promote fair play (Junge 
et al 2002).
The training program reduced the number of injured 
adolescent male amateur soccer players (Junge et al 2002), 
but did not reduce the incidence of injury in adolescent 
female soccer players (Steffen et al 2008). One reason why 
no preventive effect was detected in the latter study may be 
What is already known on this topic: The structured 
injury prevention program known as The11 reduces 
soccer injuries in different populations but the effect 
on male amateur soccer players, the largest active 
soccer population, is still unknown.
What this study adds: Despite not reducing the 
number of injuries, The11 nevertheless reduced 
signiﬁcantly the overall costs associated with injuries. 
Savings occurred particularly in indirect non-
healthcare costs such as lost productivity. The cost 
savings may be the result of a preventive effect on 
knee injuries, which often have substantial costs due 
to lengthy rehabilitation and lost productivity.
. Open access under CC BY-NC-ND license.
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the low compliance among the intervention teams. A recent 
study investigating the preventive effect of The11 among 
Italian male adult amateur soccer players found only minor 
effects on injury rates (Gatterer et al 2012), but the lack of 
signiﬁcant effects in this study may have resulted from the 
small sample size, generally low injury rates, and lack of 
randomisation and blinding procedures.
In view of the results of these studies, a randomised 
study with a large sample size was needed to assess the 
effectiveness of The11 among adult male soccer players, 
in order to provide more evidence. Since adult male soccer 
players are the largest active soccer population in the 
Netherlands, and considering their high injury incidence 
rates (Schmikli et al 2011), implementation of a compact 
and structured training program such as The11 could be 
highly beneﬁcial in reducing the incidence and severity of 
injuries in this population. Fewer injured players and less 
severe injuries might also reduce both healthcare costs and 
the costs of productivity losses associated with injuries. 
Therefore, the research question for this study was:
#PY The injury prevention program (10 exercises).
&YFSDJTF Instructions Repetitions/duration
1. The Bench From prone lying, raise head, shoulders, back and hips in a straight 
line, parallel to the ground, with elbows directly under the shoulders. 
Lift one leg a few centimetres off the ground.
Hold the position for  
15 seconds. Repeat  
1–2 times for each leg.
2. Sideways Bench From side lying with lower knee bent at 90 deg, raise upper shoulder, 
hip and upper leg in a straight line parallel to the ground. Elbow 
directly under the shoulders. From above, shoulders, elbow, hips and 
both knees are in a straight line. Don’t drop the hips.
Hold the position for  
15 seconds. Repeat 
twice each side.
3. Hamstrings Kneel with ankles pinned ﬁrmly to the ground by a partner. Slowly lean 
forward keeping upper body, hips and thighs in a straight line. Try to 
hold this straight body alignment, using the hamstrings, for as long as 
possible, then control your fall.
Repeat 5 times.
4.  Cross country 
skiing
Flex and extend the knee of the supporting leg and swing the arms 
in opposite directions in the same rhythm. On extension, never lock 
the knee, and don’t let it buckle inwards. Keep pelvis and upper body 
stable and facing forwards. Keep pelvis horizontal and don’t let it tilt to 
the side. Flex and extend each leg.
15 times.
5.  Chest-passing in 
single-leg stance
Stand on one foot. Keep knees and hips slightly bent. Keep weight 
only on the ball of the foot, or lift heel from the ground. From the front, 
hip, knee and foot of the supporting leg should be in a straight line. 
Throw a ball back and forth with a partner.
10 times on each leg.
6.  Forward bend in 
single-leg stance
As for Exercise 5, but before throwing the ball back, touch it to the 
ground without putting weight on it. Always keep knee slightly bent 
and don’t let it buckle inwards.
10 throws on each leg.
7.  Figures-of-eight in 
single-leg stance
As for Exercise 5 but before throwing it back, swing the ball in a ﬁgure-
of-eight through and around the legs: ﬁrst around the supporting leg 
with the upper body leaning forward, and then around the other leg 
standing as upright as possible. Always keep knee slightly bent and 
don’t let it buckle inwards.
10 throws on each leg.
8. Jumps over a line Jump with both feet, sideways over a line and back, as quickly as 
possible. Land softly on the balls of both feet with slightly bent knees. 
Don’t let knees buckle inwards.
Repeat side-side 
10 times and then 
forwards-backwards  
10 times.
9. Zigzag shufﬂe In standing, bend knees and hips so upper body leans substantially 
forward. Shufﬂe sideways through the Zigzag course as fast as 
possible. One shoulder should always point in the direction of 
movement. Always take off and land on the balls of the feet. Don’t let 
knees buckle inwards.
Complete course 
twice.
10. Bounding Bound forward, bringing the knee of the trailing leg up as high 
as possible and bend the opposite arm in front of the body when 
bounding. Land softly on the ball of the foot with a slightly bent knee. 
Don’t let knee buckle inwards during take-off or landing.
Cover 30 metres twice.
Is an injury prevention program consisting of 10 
exercises designed to improve stability, muscle strength, 
co-ordination, and ﬂexibility of the trunk, hip, and leg 
muscles, cost effective in adult male amateur soccer 
players?
Method
Design
A two-armed cluster-randomised controlled trial with 
concealed allocation and intention-to-treat analysis was 
used to evaluate the cost-effectiveness of The11. To avoid 
contamination, two regional competitions from different 
regions of the Netherlands were randomised to either 
the intervention group or the control group. A detailed 
description of the study design and randomisation procedure 
is available elsewhere (van Beijsterveldt et al 2011, van 
Beijsterveldt et al 2012).
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Participants
Twenty-four soccer teams from two ﬁrst-class competitions 
(the second-highest Dutch amateur level) were invited to 
participate in this study. Male players aged between 18 
and 40 years, who were part of the ﬁrst team at the start 
of the season, were eligible for inclusion. Participants who 
changed teams or were withdrawn from the team during 
the season were included in the analyses for the time they 
had been part of the team. Participants with a pre-existing 
injury were included in the analysis for the time after full 
recovery.
During the pre-season of August 2009, all participants were 
asked to ﬁll in a questionnaire regarding their age, height, 
weight, education, current work or student status, number 
of working hours per week, and injury history. During 
the season, individual participants’ exposure to training 
sessions or matches (in minutes) was reported weekly by 
the coaches. If a participant was absent, the coach indicated 
whether they were injured.
Intervention
The intervention group was asked to perform the The11 
injury prevention program during the warm-up for each 
training session. The teams had two to three training 
sessions per week. The11 contains 10 exercises (presented 
in Box 1 and illustrated in Figure 1, see eAddenda for Figure 
1) and advice regarding fair play. The eleventh component, 
fair play advice, was not included in the intervention for this 
trial. Coaches attended a practical demonstration session 
and received a detailed information package including a 
course reader, DVD, and poster. To perform the exercises 
on the ground in all weather conditions comfortably, 
each team received 18 ﬁtness exercise mats. Mid-season, 
an evaluation meeting was arranged for the coaches of 
the intervention group to ensure optimal implementation. 
The use of the intervention program was recorded by the 
coaches. Additionally, compliance with the preventive 
exercises and the quality of their implementation were 
monitored by means of monthly random visits by observers 
and members of the research team.
The control group continued their regular warm-up 
exercises, which usually consists of running exercises, 
dynamic and static stretching, and sprinting. The control 
group was not informed about the injury prevention 
program implemented in the intervention group and 
received no further instructions. The control teams were 
also randomly visited to observe and record possible self-
initiated preventive measures in their warm-up, speciﬁcally 
those included in the intervention program.
Outcome measures
All injuries occurring during the competition season were 
recorded weekly in a web-based injury registration system 
by the paramedical staff of the team. An injury was deﬁned 
as a physical complaint sustained by a participant that 
resulted from a soccer training session or soccer match, 
irrespective of the need for medical attention or time lost 
from soccer activities (Fuller et al 2006, van Beijsterveldt 
et al 2012).
Information about the date of injury, diagnosis, origin, 
recurrence, and possible contributing factors was collected. 
After full recovery, deﬁned as participation for the 
entire duration of a soccer training session or match (van 
Beijsterveldt et al 2012), an online recovery form was 
completed. This recovery form recorded healthcare use, 
work or school absenteeism, and the purchase of secondary 
preventive devices (eg, tape and insoles) for the entire injury 
episode.
Economic analysis framework
Economic analysis was performed from the societal 
perspective, which means that all signiﬁcant costs associated 
with the injury were considered, regardless of who pays them 
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5BCMF. Standard costs (year 2009) used in the  
economic evaluation.
Costs Amount (À)
Intervention costs
 Demonstration session 1.48
 Evaluation session 1.12
 Information package 2.57
 Exercise mats 8.97
 Total cost per player 14.14
Direct healthcare costs
 General practitioner (per visit)a 28.00
 Physiotherapist (per visit)a 36.00
 Manual therapist (per visit)a 36.00
 Sports physician (per visit)b 73.00
 Medical specialist (per visit)a 129.00
 Accidents and Emergency (per visit)a 151.00
 Supplementary diagnosticsa
 Ultrasound 48.30
 Radiograph 42.70
 .3*TDBO	VQQFSMPXFSFYUSFNJUZ
c 184.50
 CT scan 150.50
 Laboratory research (blood tests)d Individualised
 Hospital staya
 Hospital care (per day) 251.00
 Surgeryd Individualised
  Medical devices (ie, tape, salve, 
massage oil)e
Individualised
 Medicationf Individualised
 Prevention devicese Individualised
Indirect non-healthcare costsg
  Absenteeism from paid work  
(per hour)
26.41
 Absenteeism from school (per hour) 5.85
aCost prices according to Dutch guidelines for healthcare costs 
(Hakkaart-van Roijen et al 2011); bCost price according to rates of 
University Medical Centre Utrecht; cCost price according to the 
Dutch Healthcare Authority; dCost prices individually evaluated 
GSPNUIFOBUVSFPGUIFMBCPSBUPSZFYBNJOBUJPOTVSHFSZBDDPSEJOH
to the Dutch Healthcare Authority; eCost prices individually 
determined from the type of medical device (ie, crutches, braces, 
tape, massage oil) and preventive devices (ie, tape, groin pants, 
insoles); fDrug prices according to the Royal Dutch Society of 
Pharmacy; gIndirect costs for paid work calculated from mean 
age and sex-speciﬁc income of the Dutch population (Hakkaart-
van Roijen et al 2011)
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(Hakkaart-van Roijen et al 2011). Mean costs per participant 
and mean costs per injured participant were calculated. The 
economic evaluation was designed as a cost-effectiveness 
analysis to determine the costs of preventing an injury by 
means of the intervention program, compared to the control 
group. The incremental cost-effectiveness ratio presents 
the incremental costs of using the intervention program to 
prevent one injury, in comparison with regular warm-up. 
Incremental cost-effectiveness ratios were calculated by 
dividing the difference in mean total costs per participant 
between the intervention group and control group by the 
difference in numbers of injuries between the two groups, 
corrected for the difference in the number of participants 
between the groups.
Costs
The cost analysis was performed according to the Dutch 
guidelines for cost calculations in healthcare (Hakkaart-
van Roijen et al 2011). Table 1 presents the standard costs 
(year 2009) that were used in the economic evaluation. The 
analysis included the intervention costs, direct healthcare 
costs, and indirect non-healthcare costs resulting from loss 
of production due to work or school absenteeism.
The costs associated with the implementation of the 
preventive exercises were included as intervention costs 
(Table 1). The accumulated intervention costs were À287 
per team, corresponding to À14.14 per participant.
Use of healthcare facilities as a result of injuries sustained 
was included as direct healthcare costs (Hakkaart-van 
Roijen et al 2011). This included the costs of consulting a 
general practitioner, physiotherapist, or medical specialist 
(eg, orthopaedist, surgeon), hospital stay, and injury-related 
costs of supplementary diagnostics (eg, ultrasound, CT 
scan), medical devices (eg, crutches, braces), medication, 
and secondary preventive devices (eg, tape, braces, insoles, 
groin pants) as presented in Table 1.
Costs of productivity losses due to absence from work 
were included and valued using the friction cost method 
(Koopmanschap et al 1995), according to Dutch standards 
for health economic evaluations (Hakkaart-van Roijen et 
al 2011). At present, the Dutch friction period, ie, the time 
needed to replace an ill or injured employee, is 23 weeks on 
average (Hakkaart-van Roijen et al 2011). All costs due to 
productivity losses were also corrected for an elasticity of 
0.8, as the reduction in productivity is non-linearly related 
to the reduction in working time (Hakkaart-van Roijen 
et al 2011). Based on the age range of 18 to 40 years and 
male gender, the mean cost price for one hour of work 
absenteeism was estimated at À26.41 (Table 1). The costs of 
Assessed for eligibility
(24 teams, 508 players)
Excluded (n = 29)
t Declined to participate (1 team, 21 players)
t Ineligible age (8 players)
Randomised (23 teams, 479 participants)
(11 teams, 236 participants) (12 teams, 243 participants)
Experimental group
Intervention program:
t stability, strength, 
co-ordination 
and ﬂexibility 
exercises (during 
the warm-up)
t ÛQFSXFFL
before training
t 33 weeks
Lost to follow-up (n = 10)
t injury data not collected 
(n = 10)
No data available for 
analysis (n = 3)
t pre-existing injury did 
not resolve during 
season (n = 3)
Lost to follow-up (n = 7)
t injury data not 
collected (n = 7)
No data available for 
analysis (n = 3)
t pre-existing injury did 
not resolve during 
season (n = 3)
Control group
Usual warm-up:
t running, static 
and dynamic 
stretching, 
sprinting 
exercises
t ÛQFSXFFL
before training
t 33 weeks
Measured injuries and injury-related costs
(11 teams, 223 participants) (12 teams, 233 participants)
Week 0
Week 33
'JHVSF Design and ﬂow of participants through the trial.
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school absenteeism were calculated using the net minimum 
youth wage for the age of 21 (the average age of students in 
our sample), which was À5.85 per hour.
Data analysis
An intention-to-treat procedure was adopted for the analysis 
of differences in effects and costs between the two groups. 
The differences in the proportion of injured players between 
the groups were analysed using Chi-square analysis, 
controlled for baseline differences between the groups. The 
difference in injury risk between the two groups, calculated 
as the number of injuries divided by the total number of 
players in each group, was analysed using 95% CIs based on 
the Poisson model. Data collected from the recovery form 
were used to derive the costs of injuries. Due to the skewed 
distribution of the cost data, conﬁdence intervals around 
the cost differences were calculated using non-parametric 
bootstrapping with 5000 replications (Efron and Tibshirani 
1986). Cost-effectiveness pairs were also obtained by 
bootstrapping with 5000 replications. Cost-effectiveness 
planes were obtained by plotting the incremental costs 
(vertical axis) against the incremental effects (horizontal 
axis) of each single bootstrap (Black 1990). A sensitivity 
analysis was performed for all injury data, including injuries 
for which the healthcare utilisation data was not available 
(ie, completely missing recovery forms). Costs relating to 
missing injury data were imputed using the mean costs per 
injury in each group. Multiple imputation was not possible 
because the missing-at-random assumption was violated 
(Mackinnon 2010). All tests were two-tailed and p < 0.05 
was considered signiﬁcant.
Results
Flow of participants through the study
Before the randomisation procedure, one soccer team 
decided not to participate in the study. Randomisation 
allocated 11 teams (236 eligible players) to the intervention 
group and 12 teams (243 eligible players) to the control 
group, as presented in Figure 2. After the intervention 
period of one competition season, 13 participants in the 
intervention group and 10 participants in the control group 
were unable to be included in the analyses. This included 
3 participants in each group with a pre-existing injury that 
did not resolve during the whole season. No players changed 
between teams during the season. There were 29 players 
who withdrew from a team during the season and these 
were analysed for their period of participation. The baseline 
characteristics of each group are presented in Table 2.
Compliance with the trial method
Complete recovery forms were returned for 178 injuries 
(86%) in the experimental group, and for 168 injuries (76%) 
in the control group. Recovery forms were incomplete for 
10 injuries in the experimental group and 15 in the control 
group. Recovery forms were not completed at all for 19 
injuries in the experimental group and 37 in the control 
group.
Forms with incomplete recovery data only lacked the 
number of contacts with a physiotherapist and/or manual 
therapist. The injuries with incomplete recovery forms did 
not differ signiﬁcantly from those with complete recovery 
forms in terms of recovery duration and diagnosis. These 
injuries were therefore regarded as missing at random. For 
both groups, missing numbers of therapeutic consultations 
were imputed using the mean number of consultations 
derived from the complete recovery forms. Because of 
the small fraction of missing data, mean imputation was 
considered an appropriate method for handling missing 
data (Fox-Wasylyshyn and El-Masri 2005).
The injuries with completely missing recovery forms had 
a signiﬁcantly longer mean period of sports absence than 
those with complete forms, and could therefore not be 
regarded as missing at random. The completely missing 
recovery forms were therefore not imputed for the main 
analysis, but were included in the sensitivity analysis (see 
Data analysis).
Krist et al: Exercises to reduce injury costs in soccer players
5BCMF. Baseline characteristics of the participants.
Characteristic Exp 
(11 teams, 223 
participants)
Con 
(12 teams, 233 
participants)
Age (yr), mean (SD) 24.4 (4.1) 25.1 (4.3)
Height (m), mean (SD) 1.85 (0.10) 1.82 (0.10)
Weight (kg), mean (SD) 79.1 (7.4) 77.4 (7.4)
BMI (kg/m2), mean (SD) 23.2 (1.8) 23.3 (1.8)
Players with paid work, n (%)a 121 (56) 147 (68)
1BJEXPSLXFFL(hr), mean (SD)b 36.6 (8.0) 38.5 (7.5)
Students, n (%)a 89 (41) 68 (32)
Unemployed, n (%)a 6 (3) 1 (1)
Soccer experience (yr), mean (SD) 17.2 (4.3) 17.7 (4.6)
Injury history
 Injured previous year, n (%)c 157 (73) 143 (65)
 Injured at start of season, n (%) 26 (12) 27 (12)
aData were unavailable for 7 Exp participants and 17 Con participants; bData were unavailable 
for 5 Exp participants and 1 Con participant; cData were unavailable for 9 Exp participants and 
12 Con participants.
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Effect of intervention
The proportion of injured players and the injury rate, 
presented in Table 3 with individual patient data presented 
in Table 4 (see eAddenda for Table 4), did not differ 
signiﬁcantly between the experimental and control groups. 
For a full overview of other effect outcomes, we refer to a 
previously published paper (van Beijsterveldt et al 2012).
Cost effectiveness
The mean overall costs were À161 (SD 447) per player in 
the intervention group and À361 (SD 1529) per player in 
the control group (Table 5, for individual patient data see 
Table 4 on the eAddenda). This difference was statistically 
signiﬁcant, being À201 (95% CI 15 to 426) less expensive 
per player in the experimental group. Direct healthcare costs 
were not signiﬁcantly different between the groups, at À44 
(95% CI –17 to 111) lower in the experimental group. The 
indirect non-healthcare costs per player were signiﬁcantly 
lower in the experimental group, with a mean difference of 
À172 (95% CI 28 to 352).
The mean overall costs per injured player were À256 (SD 
555) in the experimental group and À606 (SD 1944) in 
the control group (Table 6, for individual patient data see 
Table 4 on the eAddenda). This difference was statistically 
signiﬁcant, being À350 (95% CI 51 to 733) less expensive per 
injured player in the experimental group. Direct healthcare 
costs per injured player did not differ signiﬁcantly between 
the groups, at À76 (95% CI –18 to 285) lower in the 
experimental group. The indirect non-healthcare costs per 
injured player were signiﬁcantly lower in the experimental 
group, with a mean difference of À288 (95% CI 49 to 589).
After bootstrapping, there was a signiﬁcant difference in 
mean costs of À201 (95% CI 15 to 426) per player and a 
mean non-signiﬁcant difference of 3.5 injuries per group 
(95% CI –40.3 to 46.8) in favour of the experimental group. 
From a cost perspective, the experimental intervention 
was considered dominant compared to the regular warm-
up. The cost-effectiveness plane with all incremental cost-
effectiveness ratios (5000 samples) is presented in Figure 
3. The bootstrap analyses showed that the intervention 
program is cost-saving and more effective in 55% of the 
bootstrap replicates (SE quadrant) and cost-saving and less 
effective in 43% (SW quadrant).
5BCMF. Injury outcomes for each group.
Outcome Interventions
Exp 
(11 teams, 223 
participants)
Con 
(12 teams, 233 
participants)
Injuries (n) 207 220
Injured players, n (%) 135 (60.5) 139 (59.7)
Injury rate (95% CI) 0.93 (0.81 to 1.06) 0.94 (0.83 to 1.08)
Table 5. Mean (SD) of costs per player in Euro during one soccer competition season, and mean difference (95% 
CI)a between interventions.
Costs per player Interventions Difference between interventions
Exp 
(n = 223)
Con 
(n = 233)
Exp minus Con
Intervention costs 14 0 14
Direct healthcare costs 114 (225) 157 (438) –44 (–111 to 17)
Indirect non-healthcare costs 32 (304) 204 (1,238) –172 (–352 to –28)
Overall cost 161 (447) 361 (1,529) –201 (–426 to –15)
aobtained by calculating bootstrap conﬁdence intervals
5BCMF. Mean (SD) of costs per injured player in Euro during one soccer competition season, and mean 
difference (95% CI)a between interventions.
Costs per injured player Interventions Difference between interventions
Exp
(n = 135)
Con
(n = 139)
Exp minus Con
Intervention costs 14 0 14
Direct healthcare costs 188 (247) 264 (542) –76 (–285 to 18)
Indirect non-healthcare costs 53 (39) 342 (135) –288 (–589 to –49)
Overall cost 256 (555) 606 (1,944) –350 (–733 to –51)
aobtained by calculating bootstrap conﬁdence intervals
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After imputation of the mean costs per injury for the 
missing injury data, the cost difference of À272 (95% CI 
94 to 502) per player in favour of the experimental group 
was statistically signiﬁcant. This further supports the 
dominance of the intervention program over the regular 
warm-up. In this sensitivity analysis, the intervention 
program is cost-saving and more effective in 55% of the 
bootstrap replicates (SE quadrant) and cost-saving and less 
effective in 45% (SW quadrant).
Discussion
This study showed that the injury prevention program The11 
(without fair play advice) reduced the costs associated with 
soccer injuries among Dutch adult male amateur soccer 
players, although it failed to reduce the number of injuries 
in this group signiﬁcantly (van Beijsterveldt et al 2012). The 
intervention led to a signiﬁcant reduction in mean overall 
costs, by À201 per player and À349 per injured player, 
compared to the control group.
Previous injury prevention studies using The11 in soccer 
populations differing in terms of age, gender or playing level 
have reported contradictory results (Gatterer et al 2012, 
Junge et al 2002, Steffen et al 2008). Apart from compliance 
issues (Steffen et al 2008), which seem to have been no 
major limitation in the present study (van Beijsterveldt et al 
2012), the discrepancy in the ﬁndings could be explained by 
differences in population characteristics. Gender (Faude et 
al 2006, Hägglund et al 2009a, Ostenberg and Roos 2000), 
age (Chomiak et al 2000, Hägglund et al 2009b, Peterson 
et al 2000) and playing level (Chomiak et al 2000, Peterson 
et al 2000) can account for differences in injury incidence, 
injury patterns, and injury risk factors. It is plausible that 
The11 has a different impact in different soccer populations, 
since it is a multifaceted program and addresses many injury 
risk factors. Another explanation could be that the The11 
exercises lack sufﬁcient intensity to achieve satisfactory 
preventive effects in male adult soccer players. For instance, 
it is debatable whether the ‘Hamstrings’ exercise in The11 
provides a sufﬁcient training load. Although a preventive 
effect of this eccentric hamstring exercise was found in 
amateur and professional soccer players, these studies 
involved signiﬁcantly higher training loads than those used 
in The11 (Arnason et al 2008, Peterson et al 2011).
Because the non-signiﬁcant injury reduction was 
accompanied by a signiﬁcant cost saving, The11 can be 
considered superior to regular warm-up. After one season, 
soccer players in our intervention group had signiﬁcantly 
lower total costs, primarily because of signiﬁcantly lower 
non-healthcare costs per player. No signiﬁcant between-
group differences were found in the proportion of injured 
players and the injury rate, the cost saving effect in the 
intervention group could perhaps be explained by the 
variety in injury severity or type of injury. The former 
explanation seems unlikely, as no signiﬁcant differences 
in injury severity, in terms of days of absence (Fuller et al 
2006), were found between the groups (van Beijsterveldt et 
al 2012). Another option is that the difference in costs might 
be explained by differences in injury location between 
the two groups. A signiﬁcantly lower proportion of knee 
injuries was found in the intervention group compared to 
the control group (van Beijsterveldt et al 2012), the knee 
being the most frequent injury location in the control group. 
Knee injuries are often associated with lengthy and costly 
rehabilitation, resulting in high expenditure for medical 
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care and substantial costs due to productivity losses (Cumps 
et al 2008, de Loes et al 2000, Gianotti et al 2009). The 
ﬁndings of the present study suggest that the intervention 
program reduces the costliness of the injuries, which could 
be explained by the preventive effect on knee injuries. From 
an economic perspective, country-wide implementation of 
The11 in soccer could be valuable. This is supported by the 
work of Junge and colleagues (2011), who found a reduction 
in the population-based insurance claims and healthcare 
costs among Swiss amateur players, after countrywide 
implementation of The11. In contrast to our ﬁndings, they 
found a preventive effect on injury incidence and injury 
severity (time loss), particularly for non-contact injuries 
(Junge et al 2011). It should be noted that their study aimed 
to evaluate the country-wide implementation of The11, so 
their design was less rigorous than the design chosen for 
the present study. The11 was implemented among male and 
female soccer players of different ages, with different injury 
patterns. The small sample sizes in their study meant that 
the Swiss authors were unable to draw conclusions about the 
effect of The11 on speciﬁc injuries or differences between 
different soccer populations. It remains unknown whether 
there were similar effects of The11 among senior soccer 
players compared to the other groups of soccer players.
Our study had some limitations, particularly in relation to 
our cost recording method. Healthcare use and productivity 
losses associated with injury were reported on the recovery 
form, which was completed after the player’s full recovery. 
This may have led to some recall bias for injuries with a long 
and costly rehabilitation period. To minimise recall bias, 
the paramedical staff was advised to ask players regularly 
about their healthcare use and productivity loss, especially 
players with prolonged sports absenteeism.
Another limitation was missing cost data because 
of incomplete recovery forms (missing therapeutic 
consultations) and some completely missing recovery 
forms. The few missing therapeutic consultations (6% of 
the injuries) may be regarded as missing at random, as no 
differences were found with the complete recovery data. 
However, the problem of incomplete recovery forms could 
have been avoided if the injury registration system had 
also required the users to ﬁll in the number of therapeutic 
consultations if more than one care provider had been 
consulted. We assume that imputation of these incomplete 
recovery data resulted in a more precise cost estimation of 
injuries in both groups, and did not affect the outcomes. 
As regards the completely missing recovery forms (13% of 
the injuries), missing injury costs were imputed using the 
average injury costs in each group. However, this strategy 
can severely distort the distribution of costs, causing the 
variation in these costs to be underestimated (Donders et 
al 2006). The outcomes of the sensitivity analysis should 
therefore be interpreted with some caution.
The study was performed from a societal perspective, but we 
did not include direct non-healthcare costs in this economic 
evaluation (Hakkaart-van Roijen et al 2011). Direct non-
healthcare costs consist of traveling expenses, cost for 
patient time or family members’ time, and other costs. 
Incorporating these costs will increase the average costs 
per injury, but we do not expect (substantial) differences in 
these direct non-healthcare costs between both groups.
Our cost-effectiveness analysis, accompanying a cluster-
randomised controlled trial, showed that although The11 
failed to signiﬁcantly reduce the injury incidence in 
male amateur soccer players, it did result in cost savings 
compared to the non-intervention group. The cost savings 
might be the result of a preventive effect on knee injuries 
in the intervention group. Future research should primarily 
focus on the preventive effect of speciﬁc exercises from 
The11 in relation to knee injuries, and the possible cost 
savings. Despite the lack of a proven preventive effect, the 
potential of a structured prevention program to reduce costs 
associated with injuries is of particular interest in view of 
the increasing healthcare costs worldwide. Q
eAddenda: Figure 1, Table 4 available at jop.physiotherapy.
asn.au
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